by centrifugation at 12,500 X g for 30 min. No cell-wall structures were recognized by phasecontrast or electron microscopy. After direct lysis of whole cells of S. faecalis F24 by lysozyme, protoplast membranes were isolated. It is concluded that, in the strain of group D streptococcus studied, lysozyme effectively removes the cell wall.
Although protoplasts of group A streptococci have been prepared by the use of an enzyme produced during bacteriophage lysis of group C streptococci (Gooder and Maxted, 1958) , the streptococci were believed to be unaffected by lysozyme (Salton, 1958) . However, the recent finding by Abrams (1959) that lysozyme attacks the cell wall of Streptococcus faecalis (ATCC 9790) has enabled the preparation and study of osmotically sensitive bodies which can be considered protoplasts (Shockman et al., 1961) .
Using a different strain of group D streptococci, S. faecium, Chesbro (1961) was able to prepare similar structures with lysozyme. Bleiweis and Zimmerman (1961) produced spheroplasts from S. faecalis var. liquefaciens, using a penicillin and lysozyme technique and protoplasts with a phageassociated lysin.
The present study describes the formation of protoplasts by lysozyme from a different strain of group D, S. faecalis F24, and a method for preparing protoplast membranes by direct lysis of whole cells with lysozyme.
MATERIALS AND METHODS
Growth of the organism. S. faecalis F24, obtained from E. L. Oginsky, was grown at 37 C in a previously described medium (Oginsky and Gehrig, 1952) . Cells from the stationary phase of growth (16 to 18 hr of incubation) were harvested and washed three times with cold, distilled water. The stock strain was maintained in the lyophilized state.
Cell-wall preparation. The cell-wall preparations were obtained by essentially the method of Roberson and Schwab (1960) . The washed cells from 2 liters of medium were suspended in 10 ml of 0.1 M arsenate buffer (pH 6.2) and mixed in a Raytheon 9-kc sonic oscillator with an equal volume of no. 18 Flex-O-Lite glass beads (Flex-O-Lite Mfg. Corp., St. Louis, Mo). This mixture was vibrated at maximal amplitude for 25 min. The temperature was maintained at 4 C by circulating ice-water. After sonic vibration, the mixture was transferred to a conical 40-ml centrifuge tube, the supernatant fluid removed, and the beads washed three times with 5-ml portions of arsenate buffer. The supernatant and washings were combined and centrifuged at 900 X g for 30 min. The supernatant and the fluffy, white cell-wall layer were removed and centrifuged for 30 min at 9,000 X g. The supernatant fluid was discarded. The chalk-white cell-wall layer was carefully rinsed from the VOL. 84, 1962 PROTOPLASTS FROM LYSOZYME-TREATED S. FAECALIS intact cell layer and subjected to three additional sedimentations. After resuspension, the cell walls were placed in a cellulose nitrate tube, sealed with a piece of plastic secured by a rubber band, and placed in the sonic oscillator. The water level in the chamber was adjusted to the fluid level in the tube, and the cell walls were exposed to sonic oscillation for 1 min. The cell walls were sedimented finally for 30 min at 9,000 X g.
Chemical methods and reagents. Methyl pentose was determined by the method of Dische and Shettles (1948) . Commercial preparations of glycylglycine, crystalline egg-white lysozyme, and crystalline deoxyribonuclease were purchased from Nutritional Biochemicals Corp., Cleveland, Ohio. Tris(hydroxymethyl)aminomethane was adjusted to various pH values with 1 N HCI (tris-Cl).
RESULTS
Formation of protoplasts. The method initially employed to prepare protoplasts of S. faecalis F24 with lysozyme was that of Abrams (1959) . Washed cells, suspended in 0.4 M glycylglycine containing 10-3 M MgSO4 (pH 7.2), were incubated at 38 C for 2 hr in the presence of 180 ,ug per ml of lysozyme. The effect of lysozyme on turbidity is shown in Fig. 1 . The resulting osmotically fragile structures were washed in 0.4 M glycylglycine and subsequently examined under a phase-contrast microscope. Occasional, discrete, spherical structures were seen which resembled previous phase-contrast photomicrographs of protoplasts (Abrams, McNamara, and Johnson, 1960 of 40% formalin. To retard drying and lysis, the agar blocks contained 2% nutrient agar (Difco), 0.6 M sucrose, and 0.1 M tris-Cl (pH 6.2). After drying and fixing, the preparation was coated with collodion, shadowed with chromium at an angle of 15 degrees, and examined under an electron microscope. Frame 2 in Fig. 2 is an electron photomicrograph of such a preparation. As can be seen, the shadows indicate that the drying process was retarded to allow formalin fixation and preservation of the spherical structures. Frame 1 shows whole cells incubated in the absence of lysozyme.
Protoplast membrane preparation. Washed protoplasts prepared by the above procedure were resuspended in cold 0.02 M tris-Cl (pH 6.4). The lysed protoplasts which resulted from osmotic shock were sedimented at 35,000 x g for 15 min to collect the membranes. However, in place of a protoplast membrane pellet, a large, viscous mass was present. This mucoid material could not be rendered soluble in 0.02 M tris-Cl. An attempt at resuspension in 1.7 M NaCl (pH 7) for 1 hr at room temperature was partially successful. The mixture was sedimented at 35,000 x g for 15 min, followed by resuspension in the NaCl solution. This process was repeated three times. The final material was resuspended in 0.01 M MgSO4 (pH 7.0) and washed three times at 35,000 X g for 15 min. When examined under the electron microscope, structures which might be protoplast membranes were present, but, due to aggregation, little significance could be attached to them. Fig. 2 .
Effect of lysozyme on cell walls. The effect of ly3sozyme on cell walls was determined to obtain an indication of the degree of cell-wall destruction by the enzyme. Cell walls of S. faecalis F24 were prepared by the method of Roberson and Schwab (1960) . The cell-wall preparations were examined under an electron microscope; as can be seen from frame 4 of Fig. 2 , the walls were quite clean and almost free of "granules" (Salton and Horne, 1951; Slade and Vetter, 1956; Roberson and Schwab, 1960) . No whole cells were found. The cell walls were suspended in 20 ml of 0.4 M glycylglycine containing 10-3 M MgSO4 (pH 7.2), and divided into two equal portions. To one portion, 2 mg of lysozyme was added. Both portions were incubated at 37 C for 2 hr. After incubation, the portions were centrifuged at 12,500 X g for 30 min. By use of untreated whole cells as the 100%, rhamnose value, it was found the 95.5% of the rhamnose was present in the supernatant fluid of lysozyme-treated cell walls. In the sample incubated without enzyme, only 11.3% of the total rhamnose was in the supernatant.
Rhamnose content of cell walls, protoplast membranes, and whole cells. One of the criteria of protoplasts (Brenner et al., 1958) is the absence of cell-wall sugar from the protoplast membrane. Since group D streltococci have been shown to contain rhamnose in the cell wall (CuIm1min1s and Harris, 1956; Elliott, 1960; JoInes and Shattock, 1960) The highly viscous material which was present after lysis of protoplasts by dilution would appear to be a protoplasmic substance containing deoxyribonucleic acid, since the viscosity decreases upon the addition of deoxyribonuclease. It is of interest that a similar gel is not present after rupture of whole cells by 9-kc sonic waves. These same general findings were reported in studies with Bacillus megaterium (Weibull, 1953 
